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Introduction
A trio of randomized controlled trials conducted in South Africa, Kenya, and Uganda during the last decade found male circumcision to reduce a man's risk of acquiring HIV from an infected partner by 50% to 60% (Auvert et al. 2005; Bailey et al. 2007; Gray et al. 2007 ). These trials established male circumcision as one of the few procedures known to curb infection with HIV (see also Doyle et al. 2010) . 3 In response, donor organizations such as the President's Emergency Plan for AIDS Relief (PEPFAR), the Global Fund, and the Bill and Melinda Gates Foundation have provided funding to numerous other countries in sub-Saharan Africa adopting male circumcision policies (Dickson 2010; WHO/UNAIDS 2010) .
One country that has hesitated in accepting male circumcision as an effective intervention to prevent HIV transmission is Malawi. Country officials claim that no "scientific evidence" has shown that the procedure effectively curbs the epidemic (Washington Post 2010) . On the face of it, such claims appear logical: the most recent Malawi Demographic and Health Survey (MDHS) found that a greater percentage of circumcised (13.2%) than uncircumcised (9.5%) men were HIV positive, leading the authors of the 2004 Final Report to conclude that "the relationship between HIV prevalence and circumcision status is not in the expected direction" (MDHS 2005, p. 235) . Population-based data from the 2004 wave of the Malawi Diffusion and Ideational Change Project (MDICP) show a similar correlation. HIV prevalence was found to be highest in the southern district of Balaka, at 9.6%, which was surprising given that 83% of the sample of men affirmed that they were circumcised. While circumcision is rarely practiced in the districts of Mchinji in the Central Region and Rumphi in the Northern Region, HIV prevalence is lower in these two settings (at 7.8% and 5.1%, respectively) than in the South (Table 1) .
This study aims to better understand this seeming paradox. Since male circumcision greatly reduces a man's risk of new infection, and in Balaka District men commonly circumcise, other sources of infection must contribute to the district's relatively higher levels of HIV. One of Southern Malawi's striking demographic features is the regular occurrence of marital turnover, attributable to specific forms of social organization associated with matrilineality and matrilocality (Kaler 2001; Mitchell 1951; Mitchell 1956; Peters 1997; Vaughan 1983; see Ferguson 1999 for Zambia) . In contemporary Balaka about half of all marriages dissolve within 20 years and, upon divorce, women and men remarry quickly, making these rates among the highest in all of Africa (Reniers 2003) . This paper therefore considers, as a backdrop, whether Balaka-specific marital practices contribute to the district's high HIV levels.
In this study we direct our attention to HIV infection among women, to whether and how key aspects of women's marital lives reduce the likelihood of HIV infection or, alternatively, are consequential in other ways. As a part of this, the paper examines whether spousal circumcision is related to a lower probability of being HIV positive. Several studies have investigated the direct and indirect effects of male circumcision on a woman's HIV risk in sub-Saharan settings, but the results have been conflicting, with some finding a protective effect while others not (Allen et al. 1991; Baeten et al. 2010; Gray et al. 2000; Hunter et al. 1994; Kapiga et al. 1998; Turner et al. 2007; Wawer et al. 2009 ). We examine how, within Malawi's southern district of Balaka, key characteristics of a woman's married life (including the number of times she has been married, whether she has ever resided apart from her spouse while married, and whether she has ever been married to an uncircumcised spouse) may be associated with her probability of HIV infection. Our data strongly suggest that any claims of no "scientific evidence" for the protective effect of male circumcision in Malawi is based on an ecological fallacy, as our sub-region analyses -with their focus on women of Balaka specifically -reveal a more complicated scenario.
Background and setting
Malawi is a small landlocked country located in the south-eastern corner of sub-Saharan Africa. With 15 million people, it is one of the more densely populated nations on the continent. Although Malawi's rate of urbanization has increased since its independence from Britain in 1964, it has been generally modest compared to rates in neighboring countries like Zambia. Most people continue to reside in rural villages, earning livelihoods as subsistence farmers. Its economy is based in cash, which is necessary to purchase essentials such as cooking oil and clothing, and to pay fees for public transportation and for children's schooling. With formal employment scarce, men travel regularly to Malawi's cities in search of cash-paying jobs as night watchmen or gardentenders, or of entrepreneurial opportunities as small traders. Urban migration is often to squatter settlements and occurs over extended durations, but emotional attachments to "home," for many of these men, remain located in the rural village (Englund 2002a The MDICP's sample of respondents comes from three districts across three administrative regions: Balaka in the Southern Region, Mchinji in the Central Region, and Rumphi in the Northern Region. The three largest of Malawi's dozen ethnic groups roughly map onto the three regions, both politically and in the popular imagination. In Balaka, the Yao ethnic group are predominant, in Mchinji, the Chewa are predominant, and in Rumphi, most Malawians are of the Tumbuka-speaking ethnic group. Male Yao get circumcised during initiation ceremonies as part of ethnic and religious coming-ofage practices. Most women and men in Mchinji and in Rumphi practice a form of Christianity, and the vast majority of men in these two districts do not get circumcised. Socioeconomic circumstances also differ across region: of the three districts, Balaka is the poorest and women and men attain low levels of education. Fully half of the MDICP sample of women living in Balaka had never attended school, compared to 29% in Mchinji, and just 2% in Rumphi, reasons for which are rooted in the Livingstonia Protestant missionary emphasis on schooling in Rumphi that missionary agendas elsewhere in the country lacked, including the dominant Catholic missionary (Vail and White 1985;  Table 2 ).
Forms of social organization that hinge upon marriage and family differ across Malawi, although lineage customs have never followed distinct, neat lines, and an increasing number of young Malawians now establish new households irrespective of lineage customs (Poulin 2011) . In Balaka, however, family and social life are reproduced across generations mainly through matrilineality and matrilocality, so that integral resources of kin, land, and other forms of wealth are inherited through the matriline (Weinreb 2002) , and men tend to move to wives' compounds following marriage. In such societies, bonds of kinship tend to be stronger than bonds of marriage and divorce is common (Ferguson 1999; Kaler 2001; Mitchell 1951; Peters 1997; Vaughan 1983) . Two-thirds of all first marriages end in divorce in contemporary Balaka, far higher than the roughly one-third of first marriages in Mchinji and the onequarter in Rumphi (Reniers 2003) .
Marriage and HIV and AIDS in sub-Saharan Africa
A body of literature focuses on the contributions of marriage and long-term unions both to HIV risk for individuals and HIV prevalence within larger communities (e.g., Boerma et al. 2003; Boileau et al. 2009; Chomba et al. 2008; Clark 2004; Glynn et al. 2001a; Glynn et al. 2003; Gregson et al. 2002; Kelly et al. 2003; Painter et al. 2007; Trask et al. 2002) . Marriage may present epidemiological risk through a regularity of sexual intercourse, accompanied by very little (if any) condom use (Ali et al. 2004; Chimbiri 2007; Tavory and Swidler 2009) . This is problematic if, for instance, one spouse is infected at the time of marriage, or if one or both spouses have sex outside of marriage, and subsequently bring HIV into the marital union (Dunkle et al. 2008; Parikh 2007; Smith 2007) .
Some studies emphasize the unions leading up to marriage, or those following dissolution due either to divorce or death (Kumwenda et al., 2008; Quigley et al. 2000; Reniers 2008 ). In rural Zimbabwe, for example, Lopman et al. (2009) find that an estimated 6%-17% of all new infections occur through the sexual activity of widows and widowers. Bongaarts (2007) argues that the search for a suitable spouse prior to marriage holds greater risk than does the marriage itself, a phenomenon akin to what Magruder (2010) has called marital "shopping," claimed to occur frequently enough to have generated and now sustain the epidemic in South Africa.
While these studies begin to improve epidemiological understanding of how marriage relates to HIV and AIDS in sub-Saharan Africa, a decidedly sociological approach to this relationship is far less common -clear exceptions notwithstanding (Hirsch et al. 2009; Thornton 2008) . How marriage is practiced varies widely across the subcontinent, such as in the timing of first marriage, or in how common marriage is in a community or society, or in the regularlity of divorce and remarriage. In parts of South Africa, Botswana, and urban Nairobi, for example, people delay marriage until their late 20s and early 30s, opting first to cohabit, or to forego marriage altogether. In Malawi marriage is revered: nearly all women and men marry at least once, and marriage occurs early in life. The most recent round of data from the DHS show that 96% of all women aged 25-29 have married by age 25, and nearly all (99.1%) women and men have married at least once by ages 30 and 40, respectively. The median age at first marriage is 18.0 years for women and 22.9 years for men (MDHS 2005) . 4 How marriage differs across social space may matter for an individual's risk of contracting HIV infection. Marrying an older man, for instance, or marrying for a second time, could place a woman in a new sexual network. In addition, acquiring additional partners provides differential risk depending on population HIV prevalence. Marriage patterns across social space also have implications for the production and containment of HIV epidemics. The way a population marries or does not marry will correspond to distinct configurations of sexual networks; the diffusion of disease depends on the timing and content of network structures, and not (only) on the accumulation of sexual partners for any one individual (Kretzschmar and Morris 1996; Morris and Kretzschmar 2000; Morris et al. 2009; Salathé and Jones 2010; Watts and May 1992) . For these reasons we conceive of marriage as something understood and practiced by a group of people, which we believe adds a needed depth to existing research on marriage and HIV (Boerma et al. 2003; Boerma and Weir 2005; Caraël and Holmes 2001) .
Migrating men and HIV and AIDS in sub-Saharan Africa
Although a partner may bring HIV into a marriage from a prior relationship or sexual encounter, an absence of spousal co-residence (due to labor migration, for example) increases the chances that one or both spouses acquire another partner (Hirsch et al. 2009 ). Such overlaps in sexual activity with more than one partner permit an easier transmission of the virus through the human vector (Moody 2002; Kretzschmar 1995, 1997) . In earlier phases of AIDS epidemics, patterns of circular migration contributed to the spread of HIV in a population. Migrating men became infected with HIV while away, bringing the virus into local regions by infecting their non-migrant wives or primary sexual partners upon returning home and before leaving again (e.g., Boerma et al. 2002; Coffee et al. 2007; Glynn et al. 2001b; Lurie et al. 2003a; Lurie 2005; Zuma et al. 2005) . The situation becomes more complicated during the epidemic's later stages. Should the virus gain a foothold in a population, the influence of returning migrants may matter less in perpetuating its spread (Lurie 2006) . Presumably, with spouses away, local female partners have always formed their own sexual relationships, and recent evidence suggests that it may be women, and not men, who bring HIV into their more-committed, longer-term unions. Helleringer, Kohler, and Chimbiri (2007) show that, among women on Likoma Island on Lake Malawi who have an "external" (non-local) sexual partner, those whose sexual partners were temporary visitors to local areas had a higher relative risk of HIV, compared to other "out-migrant" types. De Walque (2007) shows that between 30% and 40% of sero-discordant married couples have wives who are HIV-positive, consistent with other studies finding that a number of wives, but not their husbands, are HIV positive Lurie et al. 2003b) . 5 In Malawi, the Southern Region is the poorest and fares worst on most social and economic indicators (World Bank and Government of Malawi 2007), which likely leads to more out-migration of men and expands the sexual networks -and consequently the HIV risk -of both migrants and their female partners.
Women's HIV risk and male circumcision
Two studies have found that the circumcision status of a woman's primary sexual partner is not associated with her risk of HIV infection (Allen et al. 1991; Turner et al. 2007) ; two others have found that male circumcision is associated with reduced risk (Kapiga et al. 1998; Hunter et al. 1994) . Three studies tested for the direct effects of circumcision on a woman's probability of contracting HIV. Gray et al. (2000) found that female partners of circumcised HIV-infected men had a lower probability of acquiring HIV, but Wawer et al. (2009) found that HIV incidence was not statistically different for women whose HIV-infected partners underwent circumcision compared to those whose partners remained uncircumcised. Baeten et al. (2010) , drawing from a sample of 1,096 HIV-positive men and HIV-negative female partners, identify a "nonstatistically significant decreased risk of HIV-1 transmission from circumcised HIV-1-infected men to their female partners, compared with couples with uncircumcised HIV-1-infected men" (p. 5).
The current study
In the analyses that follow we describe the social conditions associated with mortality risk across rural Malawi. We employ an analytic approach that examines alternate model specifications of key relationships within and across districts. Our specific research questions are twofold. First, what are the relative contributions of spousal circumcision and marital histories, including multiple marriages and absence of spousal co-residence, on women's HIV status in rural Malawi? Second, how might these relations differ at the sub-region level? We ground our empirical analyses within our knowledge of Malawian social and economic life to examine how contemporary AIDS epidemics are distributed across place (Boerma et al. 2003; Caraël and Holmes 2001; Karim 2009; Gillespie et al. 2007; Tanser et al. 2009 ; for historical accounts of AIDS in Africa, see Iliffe 2006; Thornton 2008) .
Methods and data
Our analyses come from a sample of ever-married women from the Malawi Diffusion and Ideational Change Project (MDICP). In 1998 (MDICP1) the project conducted its first round of data collection from 1,541 ever-married women and 1,065 men in Balaka, Rumphi, and Mchinji. The MDICP was designed to investigate the influence of social networks on behavior related to AIDS and family planning, and has conducted subsequent rounds since its initial wave in 1998. In 2004 (MDICP3) the MDICP offered respondents the opportunity to participate in HIV counseling and testing by trained nurses using Ora-Sure™ Oral swabs. The same fraction of women and men consented to HIV testing (91%).
6 A follow-up round of testing was included in 2006 (MDICP4), in which 92% of the sample accepted an HIV test, a percentage nearly identical to those accepting a test in 2004. 7 These analyses include the sample of ever-married women based on two criteria. 
Dependent variable
Our dependent variable is women's HIV status. Women who are HIV positive are scored "1;" those who are not are scored "0."
Independent variables
Based on the literature outlined above, we consider three key independent variables as potential contributors to HIV infection and distribution: (1) marriages to circumcised spouses only, as opposed to at least one marriage to an uncircumcised spouse; (2) having been married at least twice, or "multiple marriages;" and (3) having experienced an absence of spousal co-residence. Spousal circumcision is measured using the MDICP survey question that asked women, "As you know, some men have become circumcised. What about your spouse, has he ever been circumcised?" This question was asked about each spouse, beginning with the current or most recent one and for each previous spouse, if any.
9 "Multiple marriages" is binary and scores women who have been married more than once as "1," with "0" assigned to women with one marriage only. Women who were divorced or widowed from their first marriage and had yet to remarry are also assigned 0. An "absence of spousal co-residence" measures whether a woman's spouse (current or former) has ever lived elsewhere (outside of her household), and is also binary.
Because these measures come from retrospective reporting, they may be biased due to recall error, or to intentional omission of marriages, such as those short in duration. We consider these data advantageous nevertheless -many population-based surveys, such as the DHS, are unable to collect such detailed information given the constraints their modules impose (Reniers 2008) .
by 2006 were added to the MDICP sample. As these new wives were not interviewed in 2004 we were not able to include them in these analyses; similarly, ever-married women temporarily absent in 2004 were also not included. These two groups total N = 308. Although they differ by age from the included sample of women, they do not differ by region of the country and by whether they have had an uncircumcised spouse. 9 In Balaka 89% of Yao women had a history of marriage to circumcised spouses only, reflecting the relatively low degree of ethnic heterogamy among Yao women compared to Malawi's other ethnic groups in Balaka. 21% of Yao women in the sample had been ever-married to a non-Yao spouse, compared to the 74.5% of Chewa who had ever-married a spouse from a tribe other than Chewa. Within each district, the fractions of men who reported being circumcised were remarkably similar to the fractions of women who reported marriage to circumcised spouses (Table 1 ). The near-match lends evidence of the validity of women's reports.
Controls
Many studies have identified correlations between education, wealth, and HIV risk, and we control for both (Fortson 2008; Fylkesnes et al. 1997; Gregson et al. 2001; Hargreaves et al. 2007; Hargreaves and Glynn 2002; Mishra et al. 2007; Shelton et al. 2005) . 10 We use a dichotomous measure of education, scoring women as 1 if they completed three years of education or more, and 0 otherwise. The measure for household wealth is based on a five-point household asset index that sums whether someone in the household owns a bicycle, a radio, a paraffin lamp, a bed, or an oxcart. This index is subsequently divided into wealth tertiles. The upper tertile is scored 1 and the bottom two tertiles are scored 0. Multiple measures of wealth and education were tested in all models, none of which led to substantively different results from the results presented in the final models.
11 Age and age-squared are used in all models to account for the non-linear relation between age and HIV infection.
Missing data
Missing data on all variables are replaced using the ICE user-written multipleimputation procedure in Stata. The imputation model predicts missing values on independent variables with important covariates that are thought to be predictive. We created five plausible values for each missing observation and five parallel data sets for analyses. HIV status is not imputed in the models, so as to avoid unnecessary noise to estimates (von Hippel 2007) . The substantive findings of the multivariate analyses are robust using the imputed missing data compared to data that omitted missing values through case-wise deletion.
Analytic approach
The analytic goals of this research are to describe the associations between marriage histories, male spousal circumcision, and HIV infection among Malawian women, across the country and sub-regionally. Our analyses proceed in two steps.
Using data pooled across region, we first consider to what extent each of the predictor variables tempers the effect of residing in Balaka. We estimate a series of logit models that regresses women's HIV status on Balaka residence, a dummy variable coded 1, and 0 otherwise. Because Rumphi District and Mchinji District exhibit similar characteristics along several dimensions pertinent to the goals of this paper, including the small fraction of men circumcised, we improve statistical power by combining these two regions, and call it "Mchinji & Rumphi." Predictor variables are grouped together on substantive grounds and added to the model sequentially. This approach enables us to monitor the change in both spousal circumcision and the effect of Balaka residence, relative to the controls for socio-economic measures and marriage characteristics.
Second, we consider whether the strength of the relations between HIV status and the set of covariates depends on region of residence. For example, a second marriage is less risky in a community with a relatively lower HIV prevalence than in a community with a relatively higher HIV prevalence, because marrying for a second time in a place with a relatively higher HIV prevalence increases the chances that the new spouse will be infected with HIV. Pooled data would mask such a distinction, and we therefore estimate models that allow the predictors' effects to vary by region.
Summary statistics for women's socio-demographic and behavioral characteristics in the Balaka, Mchinji, and Rumphi Districts from the 2004 survey wave are presented in Table 2 . Over 45% of Balaka women have been married more than once in their lifetimes, compared to 32% of women in Mchinji and 24% of women in Rumphi. Balaka women are significantly more likely to have lived apart from their spouses; a greater percentage of Balaka women have had a spouse who at one point in time resided outside of their home. Standard deviations are noted in parentheses below scores for age and the wealth index. District differences were tested using a chi-square test with the exception of age and the wealth index, which were tested using a one-way anova test of association.
Results
Odds ratios from the pooled models for women's HIV infection, a history of marriage to circumcised spouses only (as compared to those ever-married to an uncircumcised spouse), and Balaka residence are presented in Table 3 . Model 1 includes "All spouses circumcised;" "Balaka" is added in Model 2; socio-economic variables are added in Model 3; and marriage history is added in Model 4. All models control for age, agesquared, and a dummy variable for having been tested twice for HIV. For women with a history of marriages to circumcised spouses only, the odds of being HIV positive do not differ across districts from those women ever-married to an uncircumcised spouse (Model 1). However, once a dummy variable for Balaka residence is included, thus controlling for district, we find a correlation between spousal circumcision and HIV infection. Compared to women ever-married to an uncircumcised spouse, those with circumcised spouses only have half the odds of HIV infection (z = -2.17; Model 2). We use predicted probabilities and the delta method to determine whether the differences are statistically significant and present the results in Table 4 . Women with circumcised spouses only are predicted to have a probability of HIV infection that is just over half that of women currently or formerly married to an uncircumcised spouse (.049 -.092), significant at the .05 level (Table 4 , Panel A, Model 2); socio-economic characteristics do not reduce the difference (Model 3). 13 The circumcision effect is reduced once multiple marriages and absence of spousal coresidence are added; between women with circumcised spouses only and those evermarried to an uncircumcised spouse, the difference in the predicted probabilities is reduced from .041 to .022 and is no longer significant (Table 3, Model 4; Table 4 , Panel A, Model (4)).
Also important is the persistence of the effect 'residing in Balaka.' Net of all other measures displayed in Table 3 , Balaka residence remains significant at the .05 level (LRX 2 =5.93, df=1, p=.015), confirming broad differences in HIV levels across districts. The marriage history measures are themselves strongly correlated with HIV infectivity, however, and once added in Model 4, reduce the strength of the Balaka effect 13 As Long (2009) explains, comparing groups in regression models for binary outcomes is complicated by the identification problem inherent in these models: if the amount of residual variation differs between groups the test can lead to incorrect conclusions. Allison (1999) circumvents this problem by assuming that the regression coefficients for some variables across groups are the same. Long (2009) points out that researchers often lack good information about whether this assumption is true, and therefore proposes an approach to test for the equality of means across predicted probabilities, at different values of the independent variables. This technique is unaffected by group differences in residual variation, and does not require assumptions about the equality of regression coefficients for some variables. Comparing predicted probabilities across differing values does require, however, that the researcher knows a priori which values are worth comparing: something we are able to do here.
substantially, just as they reduced the strength of the spousal circumcision effect.
14 The combined effects of multiple marriages and absence of spousal co-residence are highly significant (LRX 2 =46.44, df=2, p=.000). Robust z statistics in parentheses *** p<0.01, ** p<0.05 Notes: All models control for age and age-squared. The outcome variable is being HIV positive, and is derived from pooling HIV statuses from the MDICP's 2004 and 2006 rounds of testing. To control for respondents who were tested twice (n=925, or 67.2%), a dummy variable "tested twice"=1, otherwise 0, was included in all models. Among those who tested HIV negative in 2004, 1.15% (n=13) had sero-converted when they were tested again in 2006. The variables "circumcised spouse/s only" and "ever an absence of spousal co-residence" refer to current or former marriages. Respondents ever married to an uncircumcised spouse are coded '0,' regardless of whether their current spouse is circumcised. Respondents reporting never an absence of spousal co-residence are coded '0.'
14 Several alternative specifications were tested but did not alter the substantive results reported in Table 3 (i.e., the strength of the main predictor variables including spousal circumcision, Balaka residence, and marriage history measures). These include "general sexual mixing" measures such as age at first sex; had a spouse five or more years older; had non-spousal sex (the number reporting yes for women is less than 2% of this sample); best friend had an extra-marital partner (as a proxy for a woman's own extra-marital partnership); and number of lifetime partners. On the last variable, number of lifetime partners, alternative ways to measure were tested, including as a count measure, and as dichotomous measures with cut-off points for relatively high number of sexual partners at 80%, 85% and at 90%. Also tested (but yielded inconsequential results) was frequency of sex with spouse. Finally, women's own geographic mobility, as measured by whether a woman was away for one month in the past year, and was away for six months ever in her lifetime, was included in the specifications but was not significant. Notes: Each probability is estimated with covariates set to their means, except where otherwise indicated. Significant differences using the delta method are in bold.
To provide a rigorous understanding of the relative effects of spousal circumcision, marriage history, and district on HIV infection, we present results from models that relax the constraints imposed in Table 3 , treating Balaka (Models 1 -3) and Mchinji & Rumphi (Models 4 -6) samples separately. The results are shown in Table 5 .
The estimates shown in Models 1 through 2 are consistent with Models 2 through 3 in Table 3 . The effect of spousal circumcision remains significant and stable with the addition of socio-economic characteristics. This suggests the presence of an indirect, protective effect of male circumcision on female partners' lower risk of HIV infection -because circumcised men have a lower probability of HIV infection than uncircumcised men, women married to circumcised men also have a lower probability of HIV infection (Baeten et al. 2010) . With the addition of multiple marriages and an absence of spousal co-residence in Model 3, the strength of the underlying circumcision coefficient is reduced substantially. To check for multicollinearity we measured the variance inflation factor (VIF) for all variables in each regression reported. All VIF values were 1.7 or lower, well below the value of 2.5 that typically raises concern. We again use predicted probabilities and the delta method to determine whether differences are statistically significant, and to determine how distinct configurations of marriage history and spousal circumcision are related to probability of HIV infection. The results are presented in Panel B in Table 4 .
Holding age and socioeconomic measures constant, the average woman living in Balaka who has two different marriage scenarios that are characterized by an alteration of living arrangements -that is, a woman married more than once, who has ever experienced an absence of spousal co-residence -and who is married to an uncircumcised spouse, has a predicted probability of HIV infection of .316. For the average woman living in Balaka, who has only a single marriage and has never experienced an absence of spousal co-residence but whose spouse is uncircumcised, the predicted probability of HIV infection is dramatically lower, .051 (Table 4 , Panel B, Model 1). The difference across marital history scenarios is also large and significant among women with circumcised spouses only, but the predicted probabilities are lower for women with circumcised spouses compared to those evermarried to a circumcised spouse.
Circumcision is not correlated with increased odds of HIV infection in Mchinji and Rumphi (Table 5 , Models 4 -6). The standard errors for the underlying coefficients are large and attributable to its relatively rare practice in these districts. Multiple marriages in Mchinji & Rumphi increase a woman's odds of being infected with HIV (z = 3.62), as they did in Balaka (z=2.91). An ever-absence of spousal co-residence is positively correlated with HIV infection in both panels, although the coefficient is not statistically significant in Mchinji & Rumphi.
Tests for the equality of predicted probabilities for varying marriage scenarios, by district, are presented in Panel C, Table 4 . Varying the two binary measures (married more than once, ever an absence of spousal co-residence) produces four scenarios ( (2) - (5)). All of the models yield non-negligible differences between Balaka and Mchinji & Rumphi, indicating that a residual effect of Balaka residence remains, irrespective of marriage scenario, and as was shown in Table 3 . 15 However, multiple marriages and absence of spousal co-residence are correlated with a much greater predicted probability of HIV infection in Balaka than in Mchinji & Rumphi -a difference of .125 percentage points, Panel C (2), Table 4 . Tests for an interaction between marital histories and district were not significant; in other words, the strength of the relations between multiple marriages, absence of spousal co-residence, and the probability of being HIV positive do not differ appreciably across districts. 16 Therefore the difference in the probabilities shown in Panel C is attributable to a greater fraction of multiple marriages and absence of spousal co-residence in Balaka compared to the other districts, as shown in Table 2 . Robust z statistics in parentheses. *** p<0.01, ** p<0.05 Notes: All models control for age and age-squared. The variables "circumcised spouse/s only" and "ever an absence of spousal coresidence" refer to current or former marriages. Respondents ever married to an uncircumcised spouse are coded '0,' regardless of whether their current spouse is circumcised. Respondents reporting never an absence of spousal co-residence are coded '0.'
A note of caution: we cannot determine with certainty whether attrition influences the key correlations in these empirical models. However, we were able to estimate basic models among a sample of women that eventually attrite from the survey, and use these results to determine whether these women differ from the women who do not attrite. The results (not shown) provide no evidence that attrition has led us to overstate the strength of the relationship between the circumcision status of women's spouses and the chances of being HIV positive.
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Discussion and conclusions
An apparent conundrum motivated this research: compared to districts in Central and Northern Malawi, HIV prevalence is highest in the southern district of Balaka where men are commonly circumcised. Table 1 showed that although 80% of the MDICP sample of men in Balaka reported being circumcised, over 11% of female Balaka residents were infected with HIV. In the northern district of Rumphi and the central district of Mchinji few men are circumcised, yet there HIV prevalence is significantly lower.
Our inquiry into this puzzle led us to several findings. First and foremost, among women who have ever married in Balaka, those with a history of marriage to circumcised spouses have lower odds of HIV infection compared to women who were ever married to a spouse not circumcised. This relation does not appear to be influenced by age, wealth, or education. Second, the strength of this seeming protective effect is weakened in the presence of a specific marital history: among Balaka women with circumcised spouses, those with multiple marriages and spouses who have ever resided in other locations have a higher probability of HIV infection than do those with single marriages and who have only coresided with their spouses. Third, in all three districts the effects of multiple marriages and absence of spousal co-residence on the probability of HIV infection were strong. Tests for interaction effects between these measures and district were insignificant. Therefore, we cannot conclude that having a second (or third) marriage is any "riskier" for women in Central and Northern Malawi than it is in Southern Malawi. Compared to the women of Mchinji and the women of Rumphi, however, in Balaka significantly more women have experienced marital turnover and 17 Although the circumcision status of spouses was not asked in waves prior to 2004, we proxy by using ethnic group, and assume that being Yao is roughly equivalent to being married to a husband who is circumcised. We estimate a model of individual predictors of attrition among women between the MDICP's first (1998), second (2001) , and third (2004) have lived apart from a current or former spouse while married. One-fifth of women in Balaka reported having or having had a spouse who "stayed elsewhere," 45% had been married more than once, and 15% had been married more than twice (Table 2) . Thus, what appears to be contributing to the higher HIV levels in Balaka's recent past is that there, and compared to the other districts in this study, a greater fraction of the population has been married multiple times and has lived apart from their spouses. Although the above findings cannot definitively explain the uneven distribution of HIV in Malawi, taken together they shed light. Some qualifications follow.
Our data do not enable us to pinpoint the time at which a woman becomes infected with HIV relative to her marital history. Although we found that a woman with multiple marriages has increased odds of HIV infection, we do not know whether she became infected in her first marriage, her second marriage, in-between her two marriages, or even prior to her first marriage. Ideally, we would have access to data that would enable us to estimate the precise timing of infection as it occurs within individual marital trajectories, but the cross-sectional nature of the data we use from the MDICP does not. Our study is valuable in other ways, however, particularly in its use of the rich set of marital histories, including rarer measures, such as the measure of the absence of spousal co-residence.
Other studies that have used the MDICP data suggest that Malawian women use divorce strategically to avoid infection by a spouse perceived or known to have engaged in risky behavior, which suggests that a fair number of new infections occurs prior to second marriages. If worries about future or current infection are higher in Balaka than in Mchinji and in Rumphi, and women are responding to perceived risk by divorcing their spouses in search of "safer" ones (Smith and Watkins 2005) , then the greater fraction of higher-order marriages found in Balaka could be generated from a greater fraction of the population responding to perceived risk by way of divorce and remarriage, often to spouses thought to be safer. Results from other studies suggest that this does not appear to be the case, however. Although women and men overestimate their subjective probability of infection, the degree of worry generally does not differ by district Smith and Watkins 2005) .
As discussed previously, divorce and remarriage in Southern Malawi were common long before the advent of AIDS (Reniers 2003) , largely an outcome of the coupling of matrilineal and matrilocal forms of social organization practiced by the Yao-, Chewa-, and Lomwe-speaking groups residing there (Kaler 2001; Peters 1997; see also Ferguson 1999 for Zambia); combined, these forms facilitate a strong bond among kin in the matriline that often temper or even supplant the spousal bond. Men in matrilineal-matrilocal communities have obligations to female kin in their home villages, requiring frequent visits and sometimes extended stays. Historically, femaleheaded households are therefore not uncommon (Vaughan 1983) . Even when matrilineality/matrilocality is not strictly adhered to today, the historical tendency toward this practice in Balaka likely set the ground for a continued relative ease of divorce and remarriage in the era of AIDS. 18 It is possible that the common occurrence of divorce and remarriage contributed to the spread of HIV in the early stages of Balaka's epidemic by way of a region-specific sexual network constellation. The persistent regularity of divorce and remarriage may help sustain the epidemic, in spite of the practice of male circumcision.
Among the women of Balaka, having experienced an absence of spousal coresidence was correlated with increased odds of HIV infection. This relation was also positive in Mchinji and Rumphi, but the effect was not significant. Most spousal separation in Malawi is labor-related: over half (59%) of the sample attributed their spousal separation to husbands' labor. An additional quarter (26%) reported their spouses were with another wife; the remainder reported another reason, such as visiting relatives.
19 Not only are Balaka women more likely to have experienced an absence of spousal co-residence, but when experienced, reasons are more likely to be labor-related, compared to those in the Mchinji and Rumphi (63% versus 55%, respectively), a statistically significant difference at the .05 level based on a t-test equality of means. Data from the sample of men on geographic mobility provide results consistent with the women's reports. The men of Balaka have increased odds of having ever lived in a Malawian city, having ever been away for six months in their lifetimes, having been away for at least one month during the prior year, and having ever lived in South Africa (Figure 1) . Following Malawi's change from an autocratic government to a multi-party democracy in 1994 and its simultaneous relative economic liberalization, new opportunities for enterprise opened up in Malawi's urban areas, and internal migration rates rose. There are fewer agricultural-related employment opportunities in Malawi's Southern Region than there are in the Northern and Central Regions, and Southern Malawi also has a disproportionate number of very poor villages, contributing to Balaka's relatively higher levels of labor-related migration (Malawi Second Integrated Household Survey (IHS-2)). As important, though, was the view held among the Yao that entrepreneurial activities in the city townships became newly available around the time of Malawi's political transition in 1994, as reflected in Figure 1 , and as witnessed by a relatively greater number of in-migrant Yao residents in an urban township in Malawi's capital of Lilongwe. This is to some extent due to the fact that Malawi's first post-1994 President, Bakili Muluzi, is Yao (Englund 2002b:138) . Male villagers who reside in urban locales maintain strong affiliations with native villages, and return home regularly to bear gifts, to pay remittances, or to display evidence of a successful transition to city life, however small (or even contrived) that success may be. Men with two homes, or those with a primary urban residence who have not quite rescinded their rural residence, arguably have greater opportunities to engage in simultaneous sexual relationships, whether they are with a second (informal) wife, an extra-marital partner, or, if not married, with a second, non-marital partner (Chirwa 1997) . Several studies in Southern Africa have suggested that women, too, engage in extramarital romances or have casual partners (Hunter 2007; Johnson et al. 2009; Lurie 2006) .
For future research, two additional hypotheses for the relatively higher HIV levels in Balaka are worth considering. The first is variation in opportunity costs and access to health clinics. Women and men in Balaka have poorer access to health care (Malawi Second Integrated Household Survey, 2005) , and may have higher rates of STI infection, which in turn has the potential to increase the transmissibility of HIV through unprotected intercourse. Second, a recent modeling study (Clark and Eaton 2008) suggest that the timing of infection over the life course is an important determinant of overall prevalence and overall incidence rates in a population-becoming infected at younger ages means a more rapid spread of HIV. In Balaka women marry and remarry at earlier ages than in Mchinji and in Rumphi (Reniers 2003) . This resonates with Magruder's argument (2010) that in South Africa the rate of partner change early in life has contributed to the country's high levels of HIV (although in the case of South Africa the partner turnover occurs prior to, or instead of, marriage). Clark and Eaton (2008) conducted a series of simulations to estimate the impact of various male circumcision interventions (for instance, by age and amount of population covered) in reducing HIV prevalence and incidence in a population. They find that, for a population at risk of infection to receive the most benefit from male circumcision interventions, the optimal point at which to intervene is just before men become sexually active. They note, "in terms of equity, it appears that age rather than sex is the real dimension along which there is likely to be significant inequity with male circumcision interventions" (p. 21; emphasis in the original). Male circumcision delays infection, and by implementing the procedure among young men, risk of infection is pushed to older ages, which in turns reduces overall incidence in the population (Clark and Eaton 2008) . They conclude that male circumcision alone is unlikely to be sufficient to eradicate HIV, but that it will likely reduce HIV prevalence and incidence in a population.
In our data the circumcision status of husbands did not fully explain the distribution of HIV infection found among wives, pointing to concerns over the longterm population effects of male circumcision in HIV epidemics (Garenne 2008) . Indeed, a significant amount of the difference in HIV prevalence across district was explained by what appears to be specific to Balaka, as marital turnover-high rates of divorce and remarriage-and periods of spousal separation due to historical and economic factors appear to make key contributions. Critically, however, these findings should not be interpreted to mean that the protective benefits of male circumcision found in other countries are inapplicable in Malawi-our results from Balaka directly challenge any such notion. Our simulations suggest that were a greater fraction of men uncircumcised, HIV prevalence in the district would be even higher.
